There is a well-established relationship between alterations of various hormonal systems and psychiatric disorders, both in endocrine and psychiatric patients. This has led to clinical and research studies examining the efficacy of the different hormones for treatment of depression. These data will be reviewed with particular regard to the thyroid, gonadal, pineal, and adrenal cortex hormones. The data generally provide limited, but varying evidence for the antidepressant efficacy of these hormones.
associated with depressive symptoms. 1 Although extensive research has shown that the vast majority of patients who present with major depression are euthyroid, 2 the close association between depression and hypothyroidism led to a large database of studies in which various hormones of the thyroid axis have been used to treat depression as monotherapy or, more commonly, as adjunct to standard antidepressants. Each of the hormones of the thyroid axis will be reviewed.
Thyrotropin-releasing hormone
Thyrotropin-releasing hormone (TRH) is a hypothalamic peptide that regulates thyroid hormone secretion by the thyroid gland through its effect on pituitary thyroidstimulating hormone (TSH) release. TRH is also a peptide that occurs in brain, and has behavioral effects such as reversal of drug-induced sedation or anesthesia and stimulation of locomotor activity independent of its effect on the thyroid. 3 Due to its stimulation of the thyroid axis, as well as its independent effects on brain function, it has been tested as an antidepressant. Most studies have involved monotherapy, but there have also been studies of the use of TRH together with electroconvulsive therapy (ECT). These studies are reviewed in Table I . TRH has been administered to patients intravenously [4] [5] [6] [7] [8] [9] [10] [11] [12] and by oral routes [13] [14] [15] for depression. TRH has been administered intravenously either as a single dose [4] [5] [6] or as several doses over 3 to 4 days, [7] [8] [9] [10] [11] [12] and transient antidepressant effects have been demonstrated. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] However, at least half of these studies have reported no or very minimal therapeutic response to either intravenous or oral TRH administered as monotherapy with duration of treatment ranging from a single dose up to 30 days (see Table I ). Although a positive effect on depressed mood cannot be definitively excluded, it is very difficult to determine whether TRH has a significant therapeutic role in the treatment of depression, because of its very short duration of action and its stimulant effects independent of the thyroid axis. Moreover, the transient effects noted may have little to do with the thyroid axis and may be a nonspecific activating effect of the neuropeptide. 3 A later study used a randomized, doubleblind, placebo-controlled, crossover design in which 500 g of TRH was administered to eight depressed patients who also received ECT for their depression. TRH administered intravenously before the ECT led to greater arousal and improved cognitive function when compared with placebo. TRH did not have any substantial effect on any seizure variables. This is a small study that may suggest an alternative indication for TSH in the treatment of depressed patients.
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Thyrotropin Thyrotropin (TSH) is a pituitary hormone which stimulates the thyroid gland, and thus would be expected to achieve an effect similar to the administration of peripheral thyroid hormones for the treatment of depression. 17 One study to date has examined the antidepressant effect of TSH. Prange and collaborators 18 administered ten IU of TSH intravenously to 20 depressed women 1 day before beginning an antidepressant trial with the tricyclic imipramine. The TSH-treated patients had a rapid antidepressant response when compared with a placebo control group. There are no replication studies, and clearly the intravenous administration required would limit the clinical utility of this hormone.
Tri-iodothyronine
The thyroid gland secretes two major hormones, levothyroxine (T4) and tri-iodothyronine (T3). 17 T4 is the major secretory product of the thyroid, and most T4 undergoes peripheral conversion to T3 in order to exert its physiological action. 17 T3 is the most broadly used thyroid hormone for treatment of depression, in contrast to in endocrine patients where T4 is routinely used for thyroid replacement therapy. 17 In early studies, T3 was used as monotherapy for the treatment of depressed patients. 19, 20 The data from these studies are largely inconclusive, as they involved small patient samples, inadequate clinical trial designs by current methodological standards, and the use of heterogeneous patient P h a r m a c o l o g i c a l a s p e c t s 
Acceleration studies
These studies are reviewed in Table II . In the first of these studies in 1969, Prange and collaborators 21 used T3 to accelerate the response to tricyclic antidepressants. In several studies, 21, 22, 24 they demonstrated that if T3 was administered at the outset of a tricyclic antidepressant trial, there was a shorter lag in onset of therapeutic effect as compared with placebo controls. This acceleration effect was noted particularly in women as compared with men. [21] [22] [23] [24] [25] [26] In the next few years, several studies were performed, some of which replicated these findings, although some had negative results. These studies are reviewed in Table II . All of these studies had major methodological flaws, including small numbers of patients, poorly defined patient groups, and relatively brief duration of treatment, as well as the use of tricyclic antidepressants rather than selective serotonin reuptake inhibitors (SSRIs) at suboptimal doses by current standards.
Augmentation studies
T3 has most commonly been used to augment response to antidepressants in those who failed to respond to an antidepressant trial. These studies are reviewed in Table III show that up to half of patients who do not respond to an antidepressant trial will respond within 2 to 3 weeks after the addition of 25 to 50 g of T3. The notable exception is the study by Gitlin et al 34 who failed to find a significant difference between T3 and placebo in the potentiation of imipramine in 16 patients with major depression. This study, however, involved a 2-week, double-blind, crossover design, which can be problematic in evaluating antidepressant treatment response. Another study compared T3 augmentation to lithium augmentation in tricyclic antidepressant nonresponders. 37 Both augmentation strategies were found to be comparable in a 2-week placebo-controlled trial. This was the first study to directly compare lithium and T3 in tricyclic augmentation, but later studies did examine T3 versus lithium with SSRI nonresponders 41, 42 (see Table III ). In view of the limitations of the individual studies involving tricyclics, a meta-analysis of these studies concluded that T3 may increase response rates and decrease severity of depression scores in patients refractory to tricyclic antidepressant treatment. 43 Patients with T3 augmentation were approximately twice as likely to respond as were controls. Recently, there has been emerging data on the use of T3 to augment SSRIs, [39] [40] [41] [42] the most commonly used antidepressants. The findings with the SSRIs are generally consistent with those for the tricyclics. Both open and controlled studies are generally positive, and indicate that T3 may be an effective augmentation agent for SSRI nonresponders. Recent data from the STAR*D trial 42 showed that T3 augmentation had comparable response and remission rates to other augmentation options such as lithium, and a more favorable adverse event dropout rate, despite the fact that response and particularly remission rates were low in all treatment groups.
Enhancement studies
Cooper-Kazaz and collaborators 44 termed this group enhancement studies, when T3 is added to an SSRI at the outset of the antidepressant trial and is administered throughout the acute treatment period. These studies are summarized in Table IV . These studies provide virtually no support for an acceleration effect of T3 when administered with SSRIs with only the Posternak et al 47 study showing a trend toward acceleration. As far as enhancement of SSRI response is concerned, the data are conflicting, with one positive, 46 one negative, 45 and one trending study. 47 The enhancement studies should probably be considered separately from the augmentation studies. In the latter, patients have responded inadequately to an antidepressant and show some benefit with T3 addition whereas with enhancement studies, subjects include both potential responders and nonresponders to antidepressants and the aim is to accelerate and enhance rates of antidepressant response rather than to convert nonresponders to antidepressant responders.
Thyroxine
This thyroid hormone has been used in two ways in the treatment of mood disorders. First, it has been used as an augmentation agent for the treatment of antidepressant nonresponders, and, second, as a mood stabilizer for rapidcycling bipolar disorder. The latter will not be discussed. T4 has received less attention as an augmentation agent, as most of the initial studies were carried out using T3. However, there is a limited database on the use of T4 augmentation, and these studies are summarized in Table V . These studies generally involve open designs using various diagnoses, including both unipolar and bipolar subjects in one study 48 and chronic depression or dysthymic patients in another study. 50 All involve small sample designs. Nonetheless, in each of these studies, T4 showed augmentation effects in antidepressant nonresponders. The efficacy of T4 and its comparable efficacy to T3 remain unresolved issues. A large-scale, well-designed, placebo-controlled study directly comparing the efficacy T3 and T4 in SSRI nonresponders with major depression would address this important issue.
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In conclusion, the database on thyroid hormone treatment provides mixed findings in studies, often with methodological limitations and inconclusive data. The strongest evidence is for an antidepressant augmentation effect of T3 in antidepressant nonresponders, but the use of T3 in other ways to accelerate and enhance antidepressant treatment, as well as the clinical utility of other hormones of the thyroid axis, require further study. In addition, issues such as tolerability, long-term safety, and duration, as well as dose of treatment need to be addressed. The doses employed in all these studies are less than the amount of endogenous T3 daily production so that there is little risk of induction of clinical hyperthyroidism. Another important issue for future study is whether particular subtypes of depression respond preferentially to thyroid hormone or in fact any hormonal treatment. As greater knowledge is obtained about genetic and biological variability of major depression as well as the regulation of thyroid hormones in the body in general and the brain in particular, we may be able to identify preferential responders to thyroid hormone and, analogously, to other hormone strategies.
Gonadal hormones

Testosterone
There are several lines of evidence, both clinical and research, that support the idea that testosterone and similar androgens may be useful in the treatment of depressed men. First, hypogonadism, usually pharmacologically induced, is associated with depressive symptoms and low libido, 52, 53 and androgen replacement is often associated with improvement in mood, energy, and libido [54] [55] [56] in some but not all studies, although this literature is also inconsistent. 57, 58 Second, some but not all studies suggest an association between low testosterone levels and depressive symptoms. 59, 60 Last, supraphysiological doses of androgens may be associated with manic or hypomanic symptoms in some individuals, 61 and hypogonadism during withdrawal from long-term anabolic steroid use may be associated with depression. 61 These observations have led to numerous studies examining the effect of androgens in the treatment of depression. Earlier, open-label studies suggested that androgens may be effective for treating depression, especially in men who are hypogonadal. [62] [63] [64] [65] Recently, there have been several studies using controlled designs where testosterone was used to treat depression in men who were hypogonadal or had low normal levels of testosterone. Testosterone was administered as monotherapy or else as an adjunct to conventional antidepressants. These studies are summarized in Table VI. The findings from these studies are inconsistent, producing positive, negative, and inconclusive results. [66] [67] [68] [69] [70] [71] [72] [73] [74] Some of these differences may be due to methodological issues as noted in Table VI , although the weight of evidence would suggest that testosterone may have some antidepressant benefits in hypogonadal men. Further study is required before definitely concluding that testosterone is a clinically useful treatment for depression. The limited database and inconclusive findings in some studies have to be weighed against the known side effects of testosterone administration such as hypertension, gynecomastia, and polycythemia as well as the fact that treatment emergent paranoid symptoms have been infrequently reported especially in earlier studies. [62] [63] [64] [65] The potential increased risk for prostate cancer with longterm testosterone treatment remains an unresolved issue.
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Ovarian hormones
The neuromodulatory effects of the ovarian steroids are well established. [77] [78] [79] Substantial changes in estrogen levels can have effects on brain function and, therefore, on mood and cognition. 79 The cyclic changes in gonadal steroids that occur with the menstrual cycle is one example of a period of vulnerability for psychiatric symptoms as a consequence of these fluctuations. 80 It follows that depressive symptoms and depressive disorders occur at important stages of a women's life at times when the reproductive cycle is associated with changes in ovarian hormone levels, thus providing a rationale for the use of hormonal treatment for depression. In addition to premenstrual depression, there is also greater vulnerability to depression in the postpartum and peri/postmenopausal period. Each will be briefly reviewed.
Premenstrual depressive symptoms
Most women will report premenstrual symptoms at some point in their lives. 81 About one fifth of women will report more severe symptoms, including depression, and about 3% to 8% will meet criteria for the diagnosis of Premenstrual Dysphoric Disorder (PMDD). 82 A wide variety of treatment options have been utilized for patients where symptoms interfere with daily function or quality of life. These are not limited to pharmacological options, and hormonal treatment represents a very small component of the overall approach to this condition. 83 Hormonal therapy of premenstrual symptoms involves suppression of ovulation by using oral contraceptives, 83 gonadotrophin-releasing hormone agonists (GnRH agonists), and danazol in order to break the cyclic recurrence of mood symptoms. These are usually employed when standard antidepressant treatments are ineffective. 83 GnRH agonists have been shown to be variably effective in reducing psychiatric morbidity in several placebo-controlled trials. [84] [85] [86] For the most part these studies have varying methodological limitations. [84] [85] [86] In addition, side-effect burden is a problem with the GnRH agonists, particularly those relating to hypoestrogenism which are only partially ameliorated by addback estrogen and progestogen therapy. [84] [85] [86] The reduction in bone mass with these compounds limits duration of treatment to no more than 6 to 9 months. 83 Various formulations of oral contraceptives have been used to treat premenstrual symptoms. In general, these have had mixed results in improving these symptoms in open and controlled trials. [87] [88] [89] [90] The general consensus is that oral contraceptives of any formulation are more likely to be beneficial in treating physical symptoms of premenstrual syndrome and have less demonstrated efficacy with depressive and related psychiatric symptoms. [87] [88] [89] [90] Danazol is an androgen-like agent which inhibits gonadotropin release and, thereby, ovulation, and has been shown in several controlled trials to reduce symptoms of premenstrual syndrome. [91] [92] [93] However, its androgenic side effects, particularly masculinization, as well as P h a r m a c o l o g i c a l a s p e c t s adverse effects on liver function and lipid parameters, seriously limits its clinical utility.
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Postpartum depression
The postpartum period is characterized by a sharp reduction in circulating estrogen levels, which provides a rationale for the use of estradiol to treat this disorder. A recent open and controlled trial provided support for the efficacy of estradiol therapy. 94, 95 In the open trial, 21 of 23 postpartum severely depressed women responded to sublingual 17b-estradiol (4.8 mg/d) for 8 weeks. 94 In the controlled trial, where subjects received high dose transdermal 17b-estradiol (200 g/d) for 6 months in addition to antidepressants, the active treatment had a significantly greater antidepressant effect compared with placebo over the course of treatment. 95 
Perimenopausal/postmenopausal period
During this life phase, there is an increasingly erratic cyclic variation in estrogen and progestogen followed by increasing periods of estrogen withdrawal. During this phase there is a significant increase in the risk for major depression, especially in those women who have a past history of depressive episodes. 96 As with any other stage of life, treatment of depressive disorder in the peri-and postmenopausal period usually involves antidepressant treatment. However, given that this phase of life is associated with progressive ovarian failure and hypoestrogenism, the role of estrogen replacement therapy in the treatment of depression has been a focus of research. [97] [98] [99] [100] [101] In some but not all open-label and placebo-controlled studies, [97] [98] [99] [100] [101] estrogen has been shown to reduce both physical and depressive symptoms. In particular, two of three recent controlled trials [99] [100] [101] documented the efficacy of estrogen replacement therapy in reducing depression in postmenopausal women. Estrogen replacement therapy may also enhance antidepressant response in such women. The potential clinical efficacy of estrogen in postpartum and postmenopausal depression, or in any other psychiatric indications associated with altered gonadal function, has to take side effects into consideration. [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] Common side effects include gastrointestinal dysfunction, headaches, and exacerbation of migraine as well as breast tenderness, vaginal bleeding, and infection. Hypertension and venous thrombosis are also concerns, although this risk is potentially reduced by use of transdermal rather than oral estrogen preparations. [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] The relationship between estrogen therapy and risk of breast and uterine cancer is beyond the scope of this review, but remains an issue to consider in instituting estrogen treatment for these various depressive syndromes.
Pineal gland
Melatonin is the major secretory hormone of the pineal gland. One of the main physiological effects of melatonin is the regulation of circadian rhythms. 102 Given the prominence of sleep disturbance and the demonstrated alteration of various circadian parameters in major depression, 103 several studies have attempted to determine whether a specific abnormality of melatonin secretion could be demonstrated in major depression and, further, whether it could be of potential etiological significance. 104 Findings from these studies have been inconsistent with many showing decreased amplitude of the nocturnal surge of melatonin while others showed increased or no change in nocturnal melatonin secretion. 104 The-well described sedative effect of this hormone and its effect on circadian function has led to its widespread use in insomnia, jet lag, and difficulties associated with shift work. 105 The use of melatonin as an antidepressant has been examined in both seasonal and nonseasonal depression. In seasonal depression, although a normalizing phase advance has been consistently demonstrated, the antidepressant action of melatonin has been inconsistent. 106, 107 In seasonal depression, the first report actually demonstrated worsening of depressive symptoms in a study of 6 depressed subjects given intravenous melatonin at varying but usually high doses. 108 This study abated enthusiasm for examining the antidepressant effects of melatonin for some time, but a subsequent group of better designed studies have emerged. These are summarized in Table VII . These studies continue to document the hypnotic effects of melatonin, but produce inconsistent findings as far as antidepressant effects are concerned. The studies do however, involve small samples and limited follow-up, making it difficult to reach a definitive conclusion about the clinical efficacy of melatonin as an antidepressant. Further study is necessary to definitively assess the extent of the antidepressant effect of melatonin and its potential role relative to standard antidepressant treatments. In addition to the use of the actual hormone melatonin, agomelatine, acting at both the melatonin-1 and melatonin-2 receptor, is the first melatonergic agonist to have been developed as an antidepressant. This compound resynchronizes circadian rhythms which have been altered in animal models, and also normalizes circadian rhythms in depressed subjects. 115 It has been shown to have acute antidepressant effects superior to placebo and comparable to, or even more favorable than, standard antidepressants such as sertraline, fluoxetine, and venlafaxine in several controlled trials. [115] [116] [117] [118] It is also generally well tolerated. Agomelatine may not only represent a new class of antidepressant with a different tolerability profile, but it may also provide indirect evidence that melatonin may be involved in the cascade of biological events associated with the etiology and treatment response of major depression.
Adrenal axis hormones
There is a well-described relationship between hypercortisolism and depressive symptoms in both psychiatric and endocrine patients. 119 Approximately half of all severely depressed subjects have elevated levels of cortisol, 119 and depression is a frequent complication of both Cushing's syndrome as well as with longer-term treatment with exogenous corticosteroids. 119 These observations have led to the notion that interference with cortisol secretion may produce antidepressant effects. This approach to hormonal treatment of depression involving the adrenal axis means reducing the levels and effects of adrenal hormones rather than enhancing hormone levels by exogenous administration as has been discussed with the other hormonal systems. Major depression may be associated with a defect at or above the level of the hypothalamus resulting in the hypersecretion of corticotrophin-releasing hormone (CRH) and, therefore, leading to hypercortisolism. 119 Various strategies to reduce adrenal function have been undertaken starting with a variety of antiglucocorticoid agents. Several antiglucocorticoid drugs have been studied in depressed patients: including cortisol synthesis inhibitors such as metyrapone, aminoglutethimide, and ketoconazole. The glucocorticoid receptor antagonist mifepristone (RU486) has also been examined mostly in psychotic depression and, recently, there has been an effort to develop CRH receptor antagonists for clinical use. With regard to ketoconazole, Murphy et al 120 reported six responders and two partial responders to ketoconazole in a case series of 10 patients with major depression who did not respond to standard antidepressants. Several case reports and small-open label studies have provided replication of these initial findings. [121] [122] [123] However, as with other cortisol synthesis inhibitors there is a lack of controlled trials with acceptable clinical trial methodology, although in the case of metyrapone, there is limited evidence for antidepressant effects in small placebo-controlled studies. 124, 125 Mifepristone (RU486) has also been studied as an antidepressant, primarily in the treatment of psychotic depression. 126, 127 This compound is a competitive inhibitor of the glucocorticoid receptor. Mifepristone has been shown in small open as well as controlled studies to reduce psychotic symptoms in patients treated for major depression. 126, 127 The therapeutic effect on depressive symptoms is not as substantial. The potential clinical utility of this treatment in this subgroup of depressed subjects who are generally more severely ill and more resistant to standard treatments requires further study. In recent years there has been a substantial initiative to develop compounds which act as antagonists at the CRH1 P h a r m a c o l o g i c a l a s p e c t s receptor. 128, 129 Given the overactivity of the adrenal axis in depression likely related to hypersecretion of CRH, there is a strong theoretical basis to such an approach. Several such compounds were discontinued early in drug development, due to unacceptable toxicity not necessarily related to their action at the CRH receptor. 127 There are limited data at this time on those compounds that have advanced to a later stage of development to determine whether this group of compounds may ultimately provide a novel class of antidepressants.
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Conclusion
Standard pharmacological treatment has proven to have limited efficacy in the treatment of major depression and related disorders. For example, up to half of patients treated for major depression will have an antidepressant response, and only approximately one third will achieve remission of symptoms. 130 The relationship between endocrine dysfunction and depression has a long-established history. While psychiatric comorbidity is a common feature of many endocrine disorders, a specific, etiologically significant hormonal abnormality has been much more challenging to identify in major depression. Nonetheless, there has been a concerted effort to utilize hormonal treatments for patients with primary major depression, particularly those with illness refractory to standard treatment or where there are special circumstances to justify use, eg, the postpartum period or hypogonadal men. Our review confirms that results have been mixed and even a strong theoretical rationale does not necessarily ensure robust clinical findings. With most hormonal treatment studies, there have been methodological limitations, particularly small samples and a lack of randomized controlled trials. With the possible exception of tri-iodothyronine, few of these treatments have achieved even limited clinical utility and the potential of others, based on strong theoretical rationale, eg, CRH1 receptor antagonists, have yet to reveal their potential. Nonetheless, these studies, beside their potential clinical applicability, also provide important insight into the biological basis of mood disorders and the role of various hormonal systems in their etiology and treatment. ❏ 
